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Magnetized crust associated 
with unique surface markings. 
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3-axis magnetometer into 
leiner Gamma. 
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2, Cruise to weak stability boundary (WSB) maneuver (1 1 5 days) 

— WSB 

(4-5 lunar distances) 
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1 . Mother ship ride-share to geostationary transfer orbit 


3. Transfer to 25 x 1 0,000 km elliptical lunar orbit (1 1 5 days) 


Cubesat transmits data to mother ship 


4. Cubesats released on impact trajectories (40 days) 
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• Cubesats enable first-of-a- 
kind measurements of the 
Moon. 


Architecture enables 
future near-Earth ' 
missions, such as small 
targets. 

Cubesats are an exciting 
technology that engages 
students a$d the general 
blic. 
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UC Berkeley -Science and Mission Operations 
NASA Ames -^Mission Planning 
MIT - Propulsion and Trajectory Planning 
Imperial Cpllege London - Magnetometer 
Jef Propulsion Laboratory - Transponder 
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• Lunar Prospector: global 
map of magnetic^fields. 

^ ^Origins of the Moon's 
magnetic fiel< 

— A past lunar dynam 
- Or impact processes? 
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agnetic rn 
measurements near the 
urfacewouy constrain 
ie- origin. 
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Challenges for a cubesat-omv a 

kw . 

- Long-duration testing of propulsion system. 

*— • ■ Relatively hightaowe|]~30 W) 

- Approaches to radiation protection/mitigation. 
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1 . Cubesat ride-share to geosynchronous orbit 


2. Spiral to Moon using electrospray propulsion (-120 days) 




Cubesat communication and navigation via Deep Space Network 
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S/Loral Comm Sat GTO 
Deployment 


GTO 
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Alterative: ESPA ring ride share 
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-> Picked to minimize impacting angle but 
maintaining reasonable daughtership deployment 
tolerances. 
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Latitude from center of albedo aroimally £ikm) 


Baseline impact trajectory: 
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•Impacting angle: 4.3 degs 
•Mother-Daughter range at Impact: 224 km 


•Impact target diameter: 10 km 
•Nominal deployment DV: 3.2 m/s 
•DV magnitude error tolerance: 3 cm/s 
•DV pointing error tolerance: 5 degs 


•Impact speed: 2219 m/s 
•Time spent travelling through anomally: 


-13.5 s 


Daughter impacts moon near Reiner-Gamma (red trajectory) 
Mothership flies overhead (green trajectory) 

Reiner-Gamma anomally 1 deg or 30 km in diameter (blue disc) 
Impact error ellipse 10 km in diameter (red disc) 
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Anisotropic magneto-resist ance 
(AMR)..*:^ 

Three Honeywell HMC1001 
sensors 

PC104 board-based 

Two three-axis assemblies, one 
on a 4-meter boom 

< 2 nT sensitivity 

112 grams total, one board 

Half-board possible with FPGA 
electronics 

Current model ~50 grams. 

Measurement frequency of 20 
Hz possible. 
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Plasma propulsion - 
complex but ^ 
efficient. 

Large molecule 
salt - "plasma" in a 
id state. 

- Extract ions, 
accelerate them. 
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• three-axis control. 

. \ - % 

• Primary propulsion for 
d transit 

? Specific i 

- Thrust and Isp scale with 
input power and voltage. 

• Currently, undergoing long- 
■ duration testing. 

• 1U cubesat demo next 

yea r. ' ' 
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• Rad hard parts a 
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• Assumption: 30 W available power. 

& one-time deployment 

.Spiral to lunar from GEO impact takes ~120 days, 
2 km/s delta-v. v~' ^ 

Requires'l^OO grams of propellant. * 
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Impact af the Moon, as seen from the Earth,^. 
Challenge: impacting at low (<20°) angles. 
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JPL cubesat transponder 
(LMRsat)/±4 s . ' 
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0.9 meter boom 


STEIN Detector 
and Elactronlcs 
Cover 
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